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Abstract - The purpose of this study was the preparation and characterization of activated carbon from jengkol shell waste. Activated 

carbon was made through the process of dehydration, carbonization, and activation. The method used for making carbon from jengkol 

shell was pyrolysis with variations in the pyrolysis temperature of 300˚C, 330˚C, and 350˚C. The activation stage uses a chemical 

activation method that was using a variety of activated reagents which is HCl, KOH and ZnCl2 and variations of concentration of 

activated reagents which is 2N, 4N, and 6N. The activated carbon that was obtained will be tested with the following parameters: water 

content, ash content, vapor content and bounded carbon  content. In this study, the standar used to determine the characteristics of 

activated carbon was the Indonesian National Standard (SNI 06-3730-1995). The results showed that the carbonization temperature of 

300˚C and the activated reagent of HCl 4N showed the most optimal result of  activated carbon where the water content was 1,72%, the 

ash content was 0,39%, the vapor content was 10,78%, and the bounded carbon content was 88,83 %. Based on these results it can be 

concluded that the jengkol shell waste can be used as an activated carbon that meet the Indonesian National Standards (SNI 06-

37301995). 
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I. INTRODUCTION 

Industrial development is increasing along with the 

development of science and technology, so industry is one of 

the important sectors in the Indonesian economy, one of which 

is the activated carbon industry[1]. Activated carbon is usually 

used as an adsorbent  in the processing and purification of 

water and the removal of polluting gases [2,3].Activated 

carbon is the most commonly used adsorbent and is proven to 

be the most effective for removing various organic and 

inorganic, polar and non-polar compounds and also used in the 

field of energy storage [4,5]. 

Activated carbon is a porous material with a content of 85 - 

95% carbon produced from carbon-containing materials by 

heating at high temperatures [6].Activated carbon is generally 

produced from woody biomass, agricultural waste and coal 

through pyrolysis such as wood powder[7],coconut shell, peat 

[8],rice husk[9], pistachio nut shell[10],grain sorghum [11], 

jengkol shell[12], lignite and animal bones [13]. The activated 

carbon that will be made in this study comes from jengkol shell 

waste. Jengkol shells have been classified as organic waste 

scattered on traditional markets and do not provide economic 

value. Therefore the processing of jengkol shells as activated 

carbon is one way to increase the economic value of the waste 

so that it is not wasted [12]. 

In general, the preparation of activated carbon consists of 3 

stages, which is dehydration, carbonization and activation. 

Dehydration is the process of removing water in raw materials. 

Carbonization is the burning of raw materials using limited air 

with air temperatures between 300˚C - 900˚C according to the 

hardness of the raw material used [14].This combustion 

process causes the decomposition of organic compounds that 

make up the structure of material in the form of cellulose, 

hemicellulose and lignin, and forms water vapor, methanol, 

acetic acid vapor and hydrocarbons. With the carbonization 

process, the flying substances contained in briquettes are 

lowered as low as possible, so that the final product is not gray 
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and smoky[15]. Solid material left behind after the 

carbonization process is carbon in the form of charcoal with a 

narrow specific surface [14]. The next step is activation. 

Activation is an important process in making activated carbon. 

Activations aims to enlarge and remove impurities in the pores 

of activated carbon by breaking the hydrocarbon bonds. 

Activation consists of two ways, which is physical activations 

and chemical activation. On physical activation, carbon was 

activated at a high enough temperature using steam or gases 

such as carbon dioxide as an activated reagent[16]. Chemical 

activation is the process of breaking the carbon chain from 

organic compounds by using chemicals such as phosphoric 

acid (H3PO4), calcium chloride (CaCl2), sodium chloride 

(NaCl), calcium hydroxide Ca(OH)2, hydrochloric acid (HCl), 

magnesium dichloride (MgCl2), zink chloride (ZnCl2), sodium 

hydroxide (NaOH), potassium hydroxide (KOH), nitric acid 

(HNO3 etc.[14].  

The quality requirements for activated carbon according to 

the Indonesian National Standard (SNI 06-3730-1995) are 

shown in table 1 [17]. 

 

Tabel 1. active carbon quality requirements based on 

Indonesian national standards (SNI 06-3730-1995) 

Type of requirements parameter 

Subtances Evaporates Max. 25 % 

Moisture content Max. 15% 

Ash content Max. 10% 

Bounded Carbon content Min. 65% 

 

The purpose of this research was to determine the optimal 

of  pyrolysis temperature, determine the optimal of  activated 

reagents and the optimal of concentration of activated reagents 

to obtain high quality, economical and environmentally 

friendly activated carbon.  

II. RESEARCH METHOD 

A. Preparation Activated Carbon of Jengkol Shell 

Jengkol shells were obtained from Lubuk Alung Market, 

Padang Pariaman Regency. Jengkol shells were dried in 

sunlight to reduce the water content to produce good activated 

carbon. 

B. Carbonization and Activation of Jengkol Shell 

The carbonization stage, 500 grams of jengkol shell were 

pyrolysis in the furnace at a temperature variation of 300 ˚C, 

330˚C, and 350˚C for 1 hour. The carbon resulting from the 

carbonization stage were smoothed using mortar and pestle, 

then filtered using a 100 mesh or 150 µm sieve. 

The activation stage was done by immersing 5 grams of 

carbon from the pyrolysis using different activated reagents 

(HCl, KOH, and ZnCl2) each with a concentration of 4N and 

the volume was 25 mL for 24 hours. Then filtered using filter 

paper and washed with aquades to neutral pH, oven at a 

temperature of 110˚C for 1 hours. After obtaining the optimal 

activated reagent, the concentration varied from 2N, 4N and 

6N to get the optimal concentration of activated reagent. 

C. Characteristics of Activated Carbon 

The obtained of activated carbon was tested with the 

following parameters: 

1) Water Content Analysis 

One gram of activated carbon was put into a dried 

porcelain crucible which has been dried, then put in the oven at 

105°C for 1 hour, then cooled in the desiccator and weighed. 

Water content can be calculated by the following equation: 

 

Water content = 
���

�
x 100% 

Where: 

a = initial activated charcoal weight (gram) 

b = weight of activated charcoal after drying (gram) 

2) Ash Content Analysis 

One gram of activated carbon was  put into porcelain 

crucible. Then in the furnace at a temperature of 5000C for 1,5 

hours. If all the carbon has become ash, cool it in the desiccator 

and then weight it until its fixed weight was obtained. 

 

Ash content = 
�����		���

�����		
�	������
x100% 

3) Vapor Content Analysis 

Activated carbon was heated to a temperature of 3100C in 

the furnace. After the temperature was reached, the carbon was 

allowed to cool in the furnace by not relating to outside air. 

After cool was put into the desiccator and weighed. Vapor 

conntent was calculated with this formula : 

 

Vapor content = 
���	

�
x100% 

Where: 

a = initial activated carbon weight (gram) 

b = weight of activated carbon after heated (gram) 

 

4) Bounded Carbon Content Analysis 

The bounded carbon content of activated carbon was 

obtained from the results of the reduction of the part that is lost 

in heating 3100C (vapor content) and ash content. 
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Bounded carbon = 100% - (A+B) 

 

Where : 

A = ash content (%) 

B = vapor content (%) 

III. RESULTS AND DISCUSSION 

A. Preparation Activated Carbon of Jengkol Shell 

Activated carbon was carried out through two stages: 

carbonization and activation stage. Jengkol shell samples that 

have been prepared are carried out a washing process that aims 

to remove impurities found in the sample. After washing, the 

sample was dried first under sunlight to dry before the 

pyrolysis process.This is so that the furnace does not smoke too 

much during the pyrolysis process. 

 

B. Carbonization and Activation of Jengkol Shell 

1) Variation of Carbonization Temperature 

The carbonization stage is the step of changing jengkol 

shells into charcoal (carbon). Jengkol shell samples were 

burned in the furnace with temperature variations of 300˚C 

(CA), 330˚C(CB), and 350˚C (CC) each 1 hour, then tested: 

water content, ash content, vapor content, and bounded carbon 

content. CA is a symbol of jengkol shell pyrolysis at a 

temperature of 300˚C, CB is a symbol of jengkol shell 

pyrolysis at a temperature of 330˚C while CC is a symbol of 

jengkol shell pyrolysis at a temperature of 350˚C. 

 

a) Water Content Analysis 

Water content testing was carried out to determine the 

remaining water content on carbon.  

 

 Fig. 3.1    Water content analysis of carbon from pyrolysis 

process of jengkol  shells  

Figure 3.1 shows the results of the water content of 

carbon from pyrolysis process at temperature variations of 300 

˚C, 330 ˚C and 350 ˚C. Based on the graph it is kown the water 

content at the carbonization temperature of 300˚C was higher 

than 330 ˚C and 350 ˚C which is 9,13%, while at temperature 

of 330 ˚C the water content was found at 2,29% and at 350 ˚C 

was 4,70%. The lower the carbonization temperature, the 

higher the water content. The above water content values are 

still included in the SNI range. According to SNI the value of 

water content for activated carbon is at least 15%. 

b) Ash Content Analysis 

Analysis of ash cotent was useful for determining the 

content of metal oxides that are still present in carbon after 

going through the carbonization    process.  

 

 

Fig. 3.2  Ash content analysis of carbon from pyrolysis process 

of jengkol shells 

Figure 3.2 shows that at the carbonization temperature 

300˚C has the lowest ash content of 7,157%, then at the 

carbonization temperature 330˚C and 350˚C the ash content 

increases, at temperature 330˚ was 10,64% and at 350˚C was 

13,875%. The higher the carbonization temperature, the greater 

the ash content produced. If the temperature is too high, the 

carbon will turn to ash [18]. 

c) Vapor Content Analysis 

Analysis of vapor content serves to determine the amount 

of substances or compounds that have not evaporated after 

carbonization process.  
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Fig.3.3  Vapor content analysis of carbon from pyrolysis 

process of jengkol shells  

Figure 3.3 shows that at temperature of 300 ˚C the vapor 

content was found at 14,46%, at 330˚C was 13,09% and at 

350˚C was 60,67%. Based on the graph it can be concluded 

that the higher the carbonization temperature, the more volatile 

substances that evaporate. 

d) Bounded Carbon Content Analysis 

 The testing of bounded carbon content aims to determine 

the carbon content after the carbonization process. Bound 

carbon content was calculated from the values of vapor content 

and ash content. 

Figure 3.4 shows the test results of bounded carbon 

content to variations in carbonization temperature of 300 ˚C, 

330 ˚C, and 350 ˚C. At temperature of 300˚C the bounded 

carbon content was found at 78,28%, at 330˚C was 76,27% and 

at 350˚C was 25,45%. At  a temperature of 300 ˚C has the 

highest bounded carbon content. The higher the carbonization 

temperature, the lower the bounded carbon content produced. 

 

Fig. 3.4  bounded  carbon content analysis of carbon from 

pyrolysis process of jengkol shells  

Based on the test of water content, vapor content, ash 

content, and bounded carbon content to the variations in 

carbonization temperature of 300 ˚C, 330 ˚C, and 350 ˚C it can 

be concluded that the optimal carbonization temperature of 

jengkol shells was 300˚C (CA) with a water content of 9,13%, 

ash content of 7,157%, vapor content of 14,56% and bounded 

carbon content of 78,28%. 

2) Variation  of Activated Reagents 

The next stage was the activation stage, which is the 

change in carbon into activated carbon. The carbon from the 

pyrolysis was soaked with a variety of activated reagents, 

which is KOH, ZnCl2, and HCl for 24 hours with a 

concentration of 4N each. The purpose of adding activated 

reagents is as an activator to break the hydrocarbon bonds. The 

immersion results were washed with aquades to neutral pH 

which aims to clean the remaining activating solution which is 

still left behind. The activation results are in the oven at 110˚C 

for 1 hours which aims to vaporize the water content. Then 

several tests were carried out, which is water content, ash 

content, vapor content and bounded carbon content.  

a) Analysis of water content 

Water content  analysis was carried out to determine the 

water content after going through the process of activation. 
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Fig.  3.5 Water content analysis of jengkol shell CA at various 

activated reagent at 4N concentration 

Figure 3.5 shows a significant graphical change between 

carbon without activation and after activation. Carbon without 

activation has the highest water content of 9,13% and activated 

carbon with HCl activator solution has the lowest water content 

of 1,72%. According to  SNI the value of water content of 

carbon without activation and after activation was allowed a 

maximum of 15%. 

b) Ash Content Analysis 

The ash content test aims to determine the metal oxide 

content that is still present in activated carbon after going 

through the process of activations. 

 

Fig 3.6  Ash content analysis of jengkol shell CA at various 

activated reagent at 4N concentration 

Figure 3.6 shows significant graphical changes after 

activation with HCl activated reagents. Carbon without 

activation has an ash content of 7,157% while after activation 

with  HCl 4N solution the ash content becomes 0,39%. In the 

graph it can be seen that the ash content of activated carbon 

with KOH activating reagents is higher at 34,69%. It can be 

concluded that the KOH solution was not suitable as a 

activated reagent the jengkol shell and activated reagent which 

is good for activating jengkol shells, namely HCl solution 

because it has a low ash content. 

c) Vapor Content Analysis 

Analysis of vapor content serves to determine the amout 

of substance or compounds that have not evaporated after 

activation process. 

 

Fig 3.7 Vapor content analysis of jengkol shell CA at various 

activated  reagent at 4N concentration 

Figure 3.7 shows the results of the test of carbon vapor 

content without activation and after activation. The vapor 

content with the KOH activated reagent was the highest, which 

is 23,04%. It can be concluded that the KOH solution was not 

suitable as a activated reagent for jengkol shell and a good 

activated reagent for the activation of jengkol shells namely 

HCl solution because it has a low vapor content of 10,78%. 

d) Analysis of Bounded Carbon Content 

Analysis of bounded carbon content serves to determine 

the carbon content after going through the activation process. 

Figure 3.8 shows the results of bounded carbon content 

tests to variations of activated reagents. Activated carbon with 

the HCl activated reagent has the highest bounded carbon 

content, which is 88,83%, while KOH has the lowest bounded 

carbon content of 42,27% and was not included in the SNI 

range. Based on SNI 06-3730-1995 the bounded carbon 
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content to activated carbon was at least 65%. It can be 

concluded that KOH cannot be used as an activator solution for 

activation of activated carbon from jengkol shells. 

 

Fig 3.8 Bounded carbon content analysis of jengkol shell CA at 

various activated reagent at 4N concentration 

Based on the test of water content, vapor content, ash 

content, and bounded carbon content to variations of activated 

reagents it can be concluded that the optimal activated reagent 

for activation of activated carbon from jengkol shell was HCl 

with a water content 1,72%, ash content 0,39%, vapor content 

1078% and bounded carbon content 88,83%. 

3) Variations of Activated Reagent  Concentration 

After obtaining the optimal activated reagent, which is 

HCl, then the concentration varied from 2N, 4N, and 6N 

a) Water Content Analysis 

Water content testing was carried out to determine the 

water content remaining on activated carbon after going 

through activation process based on variations in the 

concentration of activated reagents.  

Figure 3.9 shows the water content of activated carbon 

with variations in the concentration of HCl solution. Activated 

carbon with activated reagent  HCl 4N has the lowest water 

content of 1,72% and activated carbon with 6N HCl activator 

solution has the highest water content of 2,78%. At a 

concentration of 4N the activated carbon works optimally 

because it produces the lowest water content.  

 

 

Fig. 3.9 Water content analysis of jengkol shell CA activated 

carbon with  HCl concentration at various concentration 

b) Ash Content Analysis 

 Analysis of ash cotent was useful for determining the 

content of metal oxides that are still present in activated carbon 

after going through the activation process based on variations 

in the concentrations of activated reagents. 

 

 

Fig. 3.10  Ash content analysis of jengkol shell CA activated 

carbon with  HCl concentration at various 

concentration 

Figure 3.10 shows activated carbon with activated reagent  

HCl 4N has the lowest ash content of 0,39% and activated 

carbon with activator solutions of 6N HCl having the highest 

ash content of 1,89. At the concentration of  HCl 4N the 

activated carbon works optimally because it produces the 

lowest ash content. The value of ash content increases with 

increasing concentration of activator substances, because too 

many activators will cause clogging of the pores of activated 

carbon causing high ash content [19]. 
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c) Vapor Content Analysis 

Analysis of vapor content serves to determine the amout 

of substance or compounds that have not evaporated after 

activation process based on variations in the concentration of 

activated reagents.  

 

Fig.3.11   Vapor content analysis of jengkol shell CA activated 

carbon with  HCl concentration at various 

concentration 

Figure 3.11 shows the vapor content of activated carbon 

with variations of HCl solution with 2N, 4N and 6N. At 

concentration HCl 2N the vapor content of activated carbon 

was found 10,19%, at HCl 4N was 10,78% and at HCl 6N was 

11,38%. Activated carbon with 2N HCl activated reagent has 

the lowest vapor content which is 10,19%. The higher the 

concentration, the higher the vapor concentration. Vapor 

content values of various activating reagent concentrations are 

all included in the SNI range. According to SNI the maximum 

value of vapor content  was 25%. 

d) Analysis of Bound Carbon Content 

. Analysis of bounded carbon content serves to determine 

the carbon content after going through the activation process 

based on variations in the concentration of activated reagents. 

Figure 3.12 shows the bounded carbon content of 

activated carbon by variations in the concentration of HCl 

solution. The activated carbon with the activated reagent of 4N 

HCl has the highest bounded carbon content of 88.83%. while 

the activated carbon with 2N HCl activated reagent has a 

88,82% bounded carbon content. Whereas the activated carbon 

with the activated reagent HCl 6N had the lowest bounded 

carbon content of 86,73%. The value of bounded carbon 

content can be calculated from the values of vapor content and 

ash content. The smaller the value of the vapor content and the 

ash content of an activated carbon, the higher the value of the 

bounded carbon, this indicates the better quality of the 

activated carbon. 

 

Fig.3.12 Bounded carbon content analysis of jengkol shell CA 

activated  carbon with  HCl concentration at various 

concentration 

According to the test of water content, vapor content, ash 

content, and bounded carbon content to variations in the 

concentration of activated reagents it can be concluded that the 

best concentration of activated reagents for activation of 

jengkol shells was HCl 4N with a water content of 1,72%, ash 

content 0,39%, vapor content 10,78% and bounded carbon 

content 88,83%. 

IV. CONCLUSION 

Activated carbon can be made from jengkol shell biomass 

waste. Optimal pyrolysis temperature for carbonization of 

jengkol shell was 300˚C for 1 hour and the optimal activated 

reagent for activation of activated carbon from jengkol shell 

was HCl 4N solution. Activated carbon from jengkol shell 

meets the quality requirements of activated carbon based on 

SNI 06-3730-1995 where the water content was 1,72%, ash 

content was 0,39%, vapor content was 10,78% and bounded 

carbon content was 88,83 %. 

 

ACKNOWLEDGMENT 

Thank you to the chemistry laboratory of Padang State 

University who had provided the facility to this reserach.   

REFERENCE 

[1] Harahap, H.H., U. Malik, dan R. Dewi. 2014. Pembuatan 

Karbon Aktif dari Cangkang Kelapa Sawit dengan 

Menggunakan H2O sebagai Aktivator untuk Menganalisis 

Proksimat, Bilangan Iodine dan Rendemen. JOM FMIPA 

Vol.1 No.2. 

[2] Chang, C.F., C.Y. Chang, and W.T Tsai. 2000.Effects of 

Burn-off and Activation Temperature on Preparation of 

9,5

10

10,5

11

11,5

2 N 4 N 6 N

%
 V

a
p

o
r 

C
o

n
te

n
t

Concentration of HCl

85,5

86

86,5

87

87,5

88

88,5

89

2 N 4 N 6 N

%
B

o
u

n
d

e
d

 C
a

rb
o

n
 C

o
n

te
n

t

Concentration of HCl



Preparation and Characterization of Activated Carbon from Waste of Jengkol Shell (Pithecellobium jiringa) 

 

 

 Vol. 15 No. 2 July 019                                   ISSN: 2509-0119 327 

Activated Carbon from Corn Cob Agrowaste by CO2 and 

Steam. Journal of Colloid and Interface Science 232, 45-49. 

[3] Pallares, J., Cencerado, A.G., and Arauzo, I. 2018. 

Production and Characterization of Activated Carbon from 

Barley Straw by Physical Activation wih Carbon Dioxide 

and Steam. Biomass and Bioenergy 115 (2018) 64-73. 

[4]  Baccar, R., Bouzid, J., Feki, M., and Montiel, A. 2009. 

Preparation of Activated Carbon from Tunisian Olive- 

Waste Cakes and its Application for Adsorptions of Heavy 

Metal Ions. Journal of Hazardous Materials 162 (2009) 

1522-1529. 

[5] Ao, W., Fu, J., Mao, X., Kang, Q., Ran, C., Liu, Y., Zhang, 

H., et all. 2018. Microwave Assisted Preparation of 

Activated Carbon from Biomass : A Review. Renewable and 

Sustainable Energy Reviews 92 (2018) 958-979. 

[6] Gultom, E. M., & Lubis, M. T. 2014. Aplikasi Karbon Aktif 

Dari Cangkang Kelapa Sawit Dengan Aktivator H3PO4 

Untuk Penyerapan Logam Berat Cd Dan Pb. Teknik 

Kimia, 3(1), 5–10. 

[7] Wang, T., Tan, S., and Liang, C. Preparation and 

Characterization of Activated Carbon from Wood via 

Microwave-Inducec ZnCl2 Activation. Carbon N Y ; 47 : 

1880-3. 

[8]   Veksha, A., Sasaoka, E., and Uddin, A. 2009. The 

Influence of Porosity and Surface Oxygen Groups of Peat 

based Activated Carbons on Benzene Adsorptions from Dry 

and Humid Air. Carbon 2009; 47 : 2371-8. 

[9] T.G Chuah, A. Jumasiah, I. Azni, S. Katayon, S.Y. Thomas 

Choong. 2005. Rice Husk as a Potentially Low-Cost 

Biosorbent for Heavy Metal and Dye Removal : an 

Overview, Desalination 175 (2005) 305-316. 

 [10]T. Yang, A. Chong Lua. 2006. Textural and Chemical 

Properties of Zinc Chloride Activated Carbons Prepared 

from Pistachio-Nut Shells. Materials Chemistry and Physics 

100 (2006) 438-444. 

 [11] Y. Diao, W. P. Walawender, L.T. Fan. 2002. Activated 

Carbon Prepared from Phosphoric Acid Activation of 

Grain Sorghum. Bioresource Technology 81 (2002) 45-52. 

[12]Hariati, Noor Hidryawati, dan Aman Sentosa P. 

2017.Sintesis Karbon Aktif Cangkang Jengkol 

(Pithecellobium lobatum) dengan Bantuan Ultrasonik 

sebagai Bahan Penyimpan Energi Elektrokimia. Jurnal 

Atomik,02 (2) hal 227-231. 

[13] Lempang, M. (2014). Pembuatan dan Kegunaan Arang 

Aktif. Info Teknis Eboni, 11(2), 65–80. 

[14]Ramdja, A.F., M. Halim, J. Handi. 2008. Pembuatan 

Karbon Aktif dari Pelepah Kelapa (Cocus nucifera). Jurnal 

Teknik Kimia, Vol.15, No. 2: 1-8. 

[15] Lubis, H. Amri. 2011.Uji Variasi Komposisi Bahan 

Pembuat Briket Kotoran Sapi dan Limbah Pertanian. 

Fakultas Pertanian. Sumatera Utara : USU 

[16] Sembiring, Meilita Taryana, Sinaga, danTutiSarma. 2003. 

Arang Aktif (Pengenalan dan Proses Pembuatannya). 

Sumatera Utara : Jurusan Teknik Industri USU. 

[17] Standar Nasional Indonesia. 1995. Arang Aktif Teknis (SNI 

06-370-1995).Jakarta :Badan Standardisasi Nasional 

Indonesia.  

[18]Pandia, S., danSitorus, R. 2016.Penentuan Bilangan Iodin 

Adsorben Kulit Jengkol dan Aplikasinya dalam Penyerapan 

Logam Pb(II) pada Limbah Cair Industri Pelapisan Logam. 

FROME. 1-7. 

[19] Meisrilestari, Y. Khomaini, R. Wijayanti, H. 2013. 

Pembuatan Arang Aktif dari Cangkang Kelapa Sawit 

dengan Aktivasi secara Fisika, Kimia dan Fisika-Kimia. 

Konversi, Volume 2 No. 1 

 

 


